The propagation of light through a random medium is an important problem in photonics.
I. INTRODUCTION
The interplay of order and disorder in photonic structures is of fundamental importance to the propagation of electromagnetic waves and is the key mechanism for the localization and trapping of light in dielectric materials 1,2 . Whereas ideal photonic crystals take advantage of the periodicity in the dielectric contrast and the consequent long-range correlation, random media can dramatically affect all wave processes. Examples of strongly modified light transport in 2 disordered structures include weak 3, 4 and strong Anderson localization 5 of electromagnetic radiation, Fano resonance in disordered dielectric structures 6 , random lasing 7 , speckle correlations 8 . Random media can be used to generate a sharp focus 9 , or multiple foci 10 , allows the manipulation of the temporal response of the system 11 . Wavefront shaping with disorderengineered metasurfaces allows obtaining high resolution and a large field of view at the same time, well beyond what is possible with ordered structures 12 .
An ideal 3D photonic crystal consists of periodic arrangements of building blocks which are identical to each other with size comparable to the wavelength of light. Alternatively, one can also consider an interesting case of an irregular media that is a completely random arrangement of identical building blocks, which by analogy can be termed 3D photonic glasses 13, 14 . The most important property of both solid systems is the monodispersity of the building blocks that compose them, for example monodisperse spheres. The broken symmetry of the photonic glasses leads to very different electromagnetic properties in comparison with photonic crystals. A laser light diffraction experiment demonstrates a Bragg diffraction pattern for the photonic crystal. For the photonic glasses a hallmark is a speckle pattern in diffraction experiments 14 . Laser speckle 15 is an interference pattern produced by light scattered from different parts of the illuminated disordered object and can only be described statistically 16 . The intensity at any point on the image on the screen is determined by the algebraic addition of all the wave amplitudes arriving at the point.
In this study, we take a new step forward in the preparation of disordered media and introduce a new type of photonic structure: glassy metasurfaces. A difference between 2D photonic structures named as metasurfaces 17, 18 and introduced here glassy metasurfaces is identical to the difference between 3D photonic crystals and 3D photonic glasses: the first medium is ordered and the second medium has extremely disordered structure. Contrary to the well studied 3D photonic glasses consisting of monodisperse spheres 13, 14 , we create a set of ordered and disordered woodpile structures 19 composed of several layers (from 2 to 10 layers) 3 build up from monodisperse square rods with random fluctuations in the orientation within woodpile layer. The structures consisting of two layers only (one layer ordered and another one disordered) we consider as anisotropic glassy metasurfaces.
II. SAMPLES PREPARATION
The problem of fabrication of true 3D ordered and disordered photonic structures of almost arbitrary shape can be solved with the method of direct laser writing (DLW) [20] [21] [22] [23] .
The aim of this work was the synthesis, structural and diffraction studies of ordered and disordered woodpile photonic structures. As this was done in our previous studies 24, 25 , to realize the DLW technique we use the installation and software package from Laser Zentrum Hannover (Germany). The structures were created using a hybrid organic-inorganic material based on zirconium propoxide with an Irgacure 369 photo-initiator (Ciba Specialty Chemicals Inc., Basel, Switzerland) with the refractive index n = 1.52.
The structure of the ordered woodpile is shown schematically in Figure 1a . This structure is built xy-layer by xy-layer, four layers make up the lattice period c along the z axis. The building blocks that compose the woodpile structures is a square rod with the height equal to c/4. In the first layer, the rods are parallel to each other with a period along the x axis, in the second layer the same rods with the same a period are parallel to each other along the y axis. In the general case, the woodpile structure has a body-centered tetragonal lattice, but for two parameter ratios the symmetry of the structure becomes cubic. When c = a, the lattice of the woodpile is bodycentered cubic (bcc), and when a c 2 = , the lattice is face-centered cubic (fcc).
With the same building block -a square dielectric rod -two types of photonic structures with lattice constant comparable to the wavelength of light were created: a perfectly ordered arrangement Figure 1a 
III. LAUE DIFFRACTION FROM 2D ORDERED PHOTONIC STRUCTURES
For the analysis of optical diffraction patterns from low-contrast photonic structures, it is sufficient to use the Born approximation when the diffraction intensity is determined by a product of the squares of the structure factor S(q), which is associated with the lattice periodicity, the scattering form factor F(q), which takes into account the contribution from an unit cell, and a polarization factor 26 . A comparison of the theoretical and experimental data demonstrates 24 that in our low contrast case it is sufficient to consider only the structure factor S(q). For the 2D metasurface with the square lattice symmetry, the position of each scatterer is determined by the . Therefore for the randomized parameter a, the angle 1 s  becomes uncertain, the patterns becomes blurry and finally transform to the granular distribution of light intensity.
V. INTERPLAY OF ORDER AND DISORDER IN OPTICAL DIFFRACTION FROM ANISOTROPIC GLASSY WOODPILE STRUCTURES
In order to gain a more complete understanding of light scattering effects on both ordered and disordered dielectric photonic structures, it is necessary to conduct a diffraction study on anisotropic glassy woodpiles. To explain unambiguously the paradox of crossing linkage between structural and scattering disorder, we fabricated and investigated a special type of ordered structure with two sets of rods rotated through 45° with respect to one another, Figure 4b . Such 45°-structure of roads has the symmetry of a parallelogram C 2 although the array of rods intersection points has the C 4v square symmetry of the perfect woodpile structure. For clarity, the points of intersections are marked by red, blue and green in Figure 4b . For such 45°-structure, the diffraction patterns both measured experimentally Figure 4e and calculated by the "points of intersections" model Figure 4h have the C 4v symmetry in contrast to the C 2 diffraction patterns calculated using the "point scatterers along the rod" model, Figure 4k . Note that all results of calculations using the "points of intersections" model Figure 4g -i are in excellent agreement with experimental data presented in Figure 3 and 4d-f.
With this point clear we may go ahead to the interpretation of all experimental data. From This test can be employed for functional woodpile structures in biomedicine and biology 27, 28 , design of filtration membranes for nano-and micro-level separation, a planar antennas 29 etc.
VII. CONCLUSION AND OUTLOOK
We demonstrate that diffraction experiments offer unique information on the mechanisms of light scattering from ordered and disordered dielectric photonic structures. The measurements were carried out on thin photonic slab and two-layered woodpile-based metasurfaces, the results were discussed on the basis of the Laue equations in the two-dimensional approximation. The experimental results allow us to interpret the diffraction patterns and underline the specific features arising as a result of elegant interplay between order and disorder.
In photonic structures, the zero-order and high-order diffraction patterns show different behavior as a function of the disorder parameter. The zero-order diffraction (n=0) is not significantly modified for small and intermediate disorder, but the higher orders of diffraction (n= ±1, ±2, ±3...) are strongly affected even for small disorder. In addition, for anisotropic structures when orientational disorder is introduced only in one direction of square woodpile, we found unexpected effect. When amount of disorder increases, the high-order diffraction patterns from ordered set of rods becomes more and more randomized and finally hardly observed while high-order patterns from disordered set of rods continue to be bright and sharp nearly independent on the level of disorder. We demonstrate that the reason for such effect is that the light scattering can be described purely in terms of the intersection points of the rods. This conclusion can be considered as general features of light scattering in dielectric photonic structures and lead to important new understanding about light propagation in random photonic medium.
Moreover, these investigations are of interest because strongly disordered systems offer much optical functionality; possess unexpected physical properties, which make them potentially useful as an alternative to the pure periodic structures. We can conclude that in a photonic structure the scattering intensity is defined by the number of intersection points rather than by the structural building elements as a whole. It is sufficient to mention such application as random lasing from photonic glasses 30 , laser speckle techniques for a variety of optical metrology techniques 15 and a possible new generation of solar cells basing on the interaction of ordered and disordered elements that are much more efficient at trapping and absorbing sunlight 31 .
